Summary.
The in vitro cytotoxic reaction of leucocytes from the seawater teleosts gilthead seabream (Sparus aurata) and sea bass (Dicentrarchus labrax) against tumor target cells was studied by transmission and scanning electron microscopy. Head-kidney, blood or peritoneal exudate leucocytes were incubated with HeLa or B16 melanoma cells. After incubation, conjugates of leucocytes (effectors) and tumor cells (targets) were observed. Both the effector-target cell binding and target cell lysis steps of the cytotoxic process were characterized.
Usually more than one effector was bound to the same target. The effectors exhibited ultrastructural features of either monocyte or lymphocyte cells. Monocyte-like effectors possessed an oval or kidney-shaped heterochromatinic nucleus and a few granules. They were flattened against the targets over a broad area or, occasionally, made several punctuated contacts.
Lymphocyte-like effectors had a large, rounded or indented nucleus, numerous free ribosomes and occasional cytoplasmic granules. These effectors established spot contacts with the target. Contacts between monocyte-like and lymphocyte-like effectors were also recognizable.
After incubation, some targets appeared virtually intact, while others had a smooth surface or showed cell processes and surface blebs. These ultrastructural changes in the targets are similar to those described as mediated by mammalian cytotoxic cells.
Cell-mediated cytotoxicity in mammals is an important nonspecific immune function (LEwIs and McGEE, 1992) . Among mammalian immune cells, natural killer (NK) cells can destroy particular target cells under certain conditions, and fit the morphological pattern established for large granular lymphocytes (KOREN and HERBERMAN,1983) . Leucocytes isolated from different tissues of teleosts also have the ability to lyse a variety of mammalian and piscine tumor cell lines in vitro (HINUMA et al., 1980; GRAVES et al., 1984; MOODY et al., 1985; GREENLEE et al., 1991; SEELEY and WEEKS-PERKINS, 1993; MESEGUER et al., 1994) . The cell types mediating this activity have been denominated nonspecific cytotoxic cells (NCC) (GRAVES et al., 1984) . A number of functional similarities between Cytotoxic cells of humans and teleosts have been reported (see EVANS and COOPER, 1990) and direct cell-to-cell contact between effector and target cell seems to be a prerequisite for NK/NCC cell-mediated cytotoxicity (CARPEN et al., 1982; EVANS and COOPER, 1990) . However, the ultrastructure of both NCC and NCC-target conjugates remains largely unknown (BIELEK, 1988) .
In this paper we report the ultrastructural features of the cytotoxic cells from head-kidney, blood and peritoneal exudate of the seabream (Sparus aurata L.) and sea bass (Dicentrarchus labrax L.), with emphasis on the ultrastructural changes produced in the contact area between effector and target cells during the cytotoxic reaction as well as any possible ultrastructural changes in the effectors or targets produced as a consequence of their interaction.
This work was carried out under an Integrated Action Programme between Spain and Austria (reference number 15B), and partly funded by a grant from the Ministry of Education and Science, Spain. 
MATERIALS AND METHODS

Animals
Healthy specimens (400-500 g body weight) of the hermaphroditic protandrous teleost, gilthead seabream (Spares aurata L.), and male and female healthy specimens of sea bass (Dicentrarchus labrax L.) (300-400g) obtained from CULMAREX S. A. (Murcia, Spain), were kept in running seawater aquaria at 17t and a natural photoperiod. They were fed daily with a commercial pellet diet (EWOS S. A., Palencia, Spain). The specimens were anaesthetized with MS222 (Sandoz).
Isolation of leucocytes Sample collection
Head-kidney, peripheral blood and peritoneal exudate leucocytes were isolated under sterile conditions. The head-kidney was dissected out by a ventral incision, cut into small fragments and transferred to 4 ml RPMI-1640 culture medium (Gibco) supplemented with 5% foetal calf serum (FCS) (Gibco). Cell suspensions were obtained by forcing fragments of the organ through a nylon mesh (mesh size 102um).
Peripheral blood was collected by puncture of the caudal vein with a heparin-coated 27-gauge needle and 1 ml syringe. Gilthead seabream blood samples were diluted 1:8 (v:v) and sea bass blood samples 1: 3(v:v) in RPMI-1640 medium supplemented with 5 FCS and 0.2% heparin (10 I.U./ml) (Sigma).
Peritoneal exudate leucocytes were obtained by injection of RPMI-1640 medium (10 ml/fish) into the peritoneal cavity after disinfecting the fish ventral surface with 70% ethyl alcohol. The injected medium, which now also contained peritoneal exudate cells, was then harvested after massaging the ventral surface of the fish for 10 min. The cell suspensions thus obtained were centrifuged at 400 g for 10 min at room temperature (22-24C), washed twice, counted and adjusted to a final concentration of 107 cells/ml in RPMI-1640.
Differential separation of leucocytes
Head-kidney cell suspensions were layered over a 34-51% Percoll density gradient (Pharmacia) (BRAUN-NESJE et al., 1981) , while blood cell suspensions were layered over a 51% Percoll gradient (SECOMBES, 1987) . Both types of gradients were centrifuged at 400 g for 25-30 min at room temperature. After centrifugation, the band of leucocytes appearing above the 34-51% or the medium-Percoll interface was collected with a pasteur pipette, washed twice, counted and adjusted to 107 cells/ml in RPMI-1640. Gilthead seabream and sea bass peritoneal exudate cell suspensions consisted exclusively of leucocytes, as has been previously reported (MESEGUER et al., 1993) , so it was unnecessary to isolate these cells using density gradients. Cell viability was greater than 98% as determined by the trypan blue exclusion test. Untreated leucocytes (control samples) were processed for electron microscopic study as below.
Tumor cells
Two different types of tumor cell lines were used as target cell-the mammalian HeLa cell line and the B16 melanoma-both grown from 1.0ml aliquots of stock culture that had previously been frozen at -70C. Both cell lines were grown at 37C in a 95% air/5% CO2 humidified atmosphere, in a culture medium supplemented with 10% FCS, 10 I.U./ml penicillin and 10 jig/ml streptomycin (Biochrom). The HeLa cells were cultured in Dulbecco's medium (Biochrom) and the B16 melanoma cells were cultured in MEM (Gibco). Exponentially growing cells were detached from culture flasks by brief exposure to 0.1% trypsin (Difco) in PBS, pH 7.2-7.4, then repeatedly washed, counted and adjusted to 106 cells/ ml in RPMI-1640 medium. Viable cell counts were performed by the trypan blue exclusion test.
Conjugation assay
In order to determine the ability of the different leucocytec cell populations to bind HeLa or B16 melanoma cells, 107 fish leucocytes were incubated with 106 tumor cells (10:1 ratio) in a final volume of 1ml of RPMI-1640 containing 10% FCS. The suspension was centrifuged at 400g for 10 min at room temperature (22-24C). After 5min, the resulting pellet was resuspended by repeated aspirations through a pasteur pipette and the suspension was incubated with 5% CO2 for 1 or 2h at room temperature. After incubation, the cells were either examined in a Nikon Diaphot phase contrast photomicroscope or pelleted at 400 g for 10 min at 4C for their electron microscopic study. Tumor cell samples not previously incubated with leucocytes were used as controls.
Transmission electron microscopy
Pellets from the conjugation assays were fixed in 2.5% glutaraldehyde in 0.1 M cacodylate buffer, pH 7.2-7.4, for 1 h at 4C, postfixed in 1% 0504 and embedded in Epon. Thin sections were stained with uranyl acetate and lead citrate and examined in a Zeiss EM 10C transmission electron microscope.
Scanning electron microscopy
Pellets from the conjugation assays were fixed in 2.5% glutaraldehyde in 0.1 M cacodylate buffer, pH 7.2-7.4, for 1h at 4C and postfixed in 1% OsO4. They were then dehydrated in acetone, critical-point dried, sputter-coated with gold and studied with a Jeol JSM T-300 scanning electron microscope. The cell size was established by estimating the mean cell volume (see GUNDERSEN et al., 1988) . 
RESULTS
Conjugates consisting of leucocytes (effectors) from the head-kidney, blood or peritoneal exudate and tumor cells (targets) were found after one or two hours of incubation (Fig. la, c, d ). Tumor target cells from the control samples were rounded cells about 15.9+1.0um in diameter, with a homogeneous cytoplasm and a light peripheral ring (Fig. 1b) . Target cells of the conjugates showed membrane disruptions and a heterogeneous cytoplasm (Fig. la, c) . No morphological differences were observed in conjugates, or in the number or type of effectors binding targets, as a consequence of one or two hours' incubation. Usually these conjugates consisted of one or two effectors bound to a single target (Fig. la) , although five or more effectors sometimes appeared bound to the same target (Fig. lc, d, e) . In the latter case, the effector cells appeared scattered and randomly bound to the target membrane (Fig. Id) , or closely juxtaposed (Fig. 1c, e) . Occasionally the effectors appeared simultaneously bound to more than one target. No ultrastructural differences were observed in conjugates as a consequence of the use of sea bass or seabream leucocytes and HeLa or B16 melanoma cells. Seabream and sea bass leucocytes from headkidney, blood and peritoneal exudate that were bound to tumor cells exhibited ultrastructural features of either monocyte-like or lymphocyte-like cells, according to the ultrastructural features of the leucocytes of the control samples and to those described in our previous electron microscopic studies (MESEGUER et al., 1991 (MESEGUER et al., , 1993 LOPEZ-RUIZ et al., 1992) .
The monocyte-like effector cells were round to oval and about 9.5+1.6,um in diameter. They had an oval or kidney-shaped heterochromatinic nucleus. Their cytoplasm contained organelles such as mitochondria, some cisternae of rough endoplasmic reticulum and free ribosomes (Fig. 2a, b) . Some monocyte-like effectors had dense cytoplasmic granules (Fig. 2b) . They showed a rugged surface with weak depressions and/or processes (Fig. 2c, d, e) . These effector cells were usually flattened against the target cells over a broad area (Fig. 2a, c) , but occasionally the contact area showed several punctuated contacts which involved limited areas of the surface of both effectors and targets (Fig. 2a, b) . Sometimes a slight depression in the target cell surface was observed (Fig. 2e) . The lymphocyte-like effector cells were rounded, about 4.2+0.6um in diameter. They had a large, rounded or indented nucleus. Large mitochondria aaaand numerous free ribosomes were observed in their cytoplasm (Fig. 3a, b) . Some lymphocyte-like effectors had very scarce dense cytoplasmic granules (Fig. 3b) . They showed a smooth cell surface with very scarce, short thin cell processes (Fig. 3c, d) . Two or more closely juxtaposed lymphocyte-like effectors sometimes appeared bound to the same target (Fig. 3c) . Usually the contact area between the lymphocyte-like effector and target consisted of membrane spot contacts (Fig.  3a, d ). Occasionally, cell processes from the target were present in the contact area (Fig. 3b) .
The tumor target cells of the conjugates showed variable ultrastructural surface features. Some of them were round cells with a rugged surface and abundant microvilli (Figs. 2d, 3c) like those of the control samples. Other targets showed a nearly smooth surface with no microvilli (Fig. id) , scattered and scarce cell processes wider than microvilli, surface blebs or finger-like processes (Fig. 3d ).
DISCUSSION
Nonspecific cell-mediated cytotoxic activity has been demonstrated in fish, and some functional requirements of this activity have been studied (HINUMA et al., 1980; DESCHAUX et al., 1983; EvANs et al., 1984a; GRAVES et al., 1984; HAYDEN and LAUX,1985; MOODY et al.,1985; BIELEK,1988; FAISAL et al., 1989; GREENLEE et al., 1991) . The cell types which mediate this activity have been called nonspecific cytotoxic cells (NCC) (GRAVES et al., 1984) although their exact identity is still controversial (BIELEK, 1988; MESEGUER et al., 1994) . We investigated leucocytes of seabream and sea bass using two tumor cell lines to establish any possible morphological changes in the effector or target cells resulting from their interaction, or determined by the leucocyte source. Our results demonstrate that some ultrastructural changes take place in both effectors and targets, and that these changes seem to be independent of leucocyte source and target cell line used.
Conjugates consisting of seabream or sea bass leucocytes and tumor cells, the latter showing the ultrastructural features of damaged cells, can be observed after one or two hours of incubation, suggesting that some seabream and sea bass leucocytes have non-specific cytotoxic activity in vitro, since they bind to targets as the first step of a cytotoxic response and because lysis of the target is observed as the final outcome of this response.
As regards the functional properties or morphological features of the effectors, several leucocyte types have been indentified as NCC in fish. Non-specific cytotoxic activity seems to be mediated by adherent and phagocytic cells in the shark (MCKINNEY et al., 1986) , while in teleosts this activity is enhanced by removal of adherent and phagocytic cells (EVANS et al., 1984a; MOODY et al., 1985) . NCC were first described as a single cell population showing ultrastructural features of monocytec (EVANS et al., 1984b) or lymphocytic cells (GREENLEE et al., 1991) . Nevertheless, it has been suggested that NCC may represent a heterogeneous cell population (HAYDEN and LAUX, 1985) , and two different effector populations showing ultrastructural features of both monocytes and lymphocytes have been described in carp by transmission electron microscopy (BIELEK, 1988) . Three types of effectors, including monocyte/macrophages, lymphocytes and polymorphonuclears have been identified in several tissues of tilapia (FAISAL et al., 1989) . Using electron microscopy, we observed two different effector cell populations displaying the ultrastructural features of monocytes and lymphocytes, similar to those of the control leucocytes and to those described in our previous electron microscopic studies (MESEGUER et al., 1991 (MESEGUER et al., , 1993 LOPEz-RuIz et al., 1992) .
The mammalian cell-mediated cytotoxic response is known to proceed through a series of associated steps: effector-target cell binding, delivery of a "lethal hit", target cell lysis and effector cell recycling (GROSCURTH, 1989) . The first step is a prerequisite for NCC/NK cell-mediated cytotoxic activity since a direct cell-to-cell contact between effectors and targets is required for target cell lysis (CARPEN et al., 1982; EVANS and COOPER, 1990) . Furthermore, a soluble cytotoxic factor capable of producing target cell lysis has been found in supernatants of tilapia leucocyte-target cell conjugate cultures (FAISAL et al., 1989) . After the incubation of seabream or sea bass leucocytes with tumor cells, we were able to observe the effector-target cell binding and the different steps of target cell lysis.
The binding of human NK cells to targets is characterized by a broad cell-to-cell contact area with shallow cytoplasmic interdigitations and/or by flattening against the target (CARPEN et a1.,1982; KANG et al., 1987) , whereas T lymphocytes only bind to targets by a marginal cell-to-cell contact with no cytoplasmic interdigitations (FOA et al., 1988) . The contact area between carp effectors and targets also displays intercellular interdigitations (BIELEK, 1988) , and in channel catfish the effectors exhibit numerous pseudopodia which make contact with the target (EVANS et al., 1984b) . We observed that the ultrastructural features of the contacts between (SAKSELA et al., 1979) , and these have been morphologically associated with large granular lymphocytes (TIMONEN et al., 1981) . The granules contain a potent, calcium-dependent cytolytic material, termed perform, not present in the cytoplasmic granules of other non-cytolytic leucocytes (HENKART et al., 1984) . Cytoplasmic granules have been described in carp lymphocyte effector cells (BIELEK, 1988) . However, channel catfish and rainbow trout NCC lack cytoplasmic granules (EVANS et al., 1984b; GREENLEE et al., 1991) . Our observations showed the presence of few granules in the cytoplasm of some monocyte and lymphocyte effector cells.
Close cell-to-cell contacts have been observed among human NK cells, and between NK cells and monocytes (KANG et al., 1987) . Several authors suggest that monocytes may play a regulatory role in mammalian NK activity by means of these cell contacts (KoREN et al., 1981; BLOOM and BABBIT, 1985) . Similar contacts among carp blood leucocytes have been described after incubation with tumor target cells (BIELEK, 1988 ). Our results demonstrate the presence of contacts between monocytic and lymphocytec effectors and also between eff ectors and targets, suggesting that there are regulatory mechanisms in lower vertebrates which are similar to those found in mammals.
In higher vertebrates, the effector cells cause characteristic morphological changes in the target cells. Target cell lysis starts with the loss of surface structures, giving rise to a smooth surface. The next stage is characterized either by lysis of the target cell membrane or by plasma membrane blebbing (VOL-LENWEIDER and GROSCURTH, 1991) . After the incubation of seabream or sea bass leucocytes with tumor cells, some of the latter appear virtually intact, while others show morphological changes such as a nearly smooth surface, scarce cell processes which are wider than microvilli, finger-like processes or surface blebs. This seems to indicate that target lysis mediated by seabream and sea bass leucocytes is similar to that mediated by mammalian cytotoxic cells.
